The decays h 
A. Introduction
The Higgs spectrum of many well motivated extensions of the Standard Model (SM) often include charged Higgs bosons whose detection in future colliders would constitute a clear evidence of a Higgs sector beyond the minimal SM [1, 2] . In particular, the Two-HiggsDoublet-Model (THDM) has been extensively studied as a prototype of a Higgs sector that includes two charged Higgs bosons (H ± ) [2] , however, a definitive test of the mechanism of electroweak symmetry breaking will require further studies of the complete Higgs spectrum.
In addition, probing the properties of charged Higgs bosons through their decays could help find out whether they are indeed associated with a weakly-interacting theory, as in the case of the popular minimal supersymmetric extension of the SM (MSSM) [3] , or with a stronglyinteracting scenario [4] . Furthermore, these tests should also allow to probe the symmetries of the Higgs potential, and to determine whether the charged Higgs bosons belong to a weak-doublet or to some larger multiplet.
Decays of charged Higgs bosons have been studied in the literature, including the radiative modes W ± γ, W ± Z 0 [5] , mostly within the context of the THDM or its MSSM incarnation and, more recently, for the effective Lagrangian extension of the THDM [6] . Charged
Higgs bosons production at hadron colliders was studied long ago [7] and, recently, more systematic calculations of production processes at the future Large Hadron Collider (LHC) have been presented [8] . Current bounds on the mass of the charged Higgs bosons can be obtained at Tevatron, by studying the top decay t → bH + , which already eliminates some regions of the parameter space [9] , whereas LEP-2 bounds give approximately m H + > 80
GeV [10] .
On the other hand, the vertex H ± W ∓ h 0 deserves special attention because it can give valuable information about the underlying structure of the gauge and scalar sectors. In the first place, the decay mode H ± → W ± h 0 might be detected at the LHC as claimed in Ref. [11] , within the context of the MSSM. Furthermore, the vertex H ± W ∓ h 0 can also induce the associated production of H ± h 0 at hadron colliders, through a virtual W ± * in the s-channel which would become a relevant production mechanism for heavy charged Higgs bosons. In this paper we are interested in studying the strength of this important vertex for an extension of the MSSM with one additional complex Higgs triplet (OHT-MSSM) [12, 13] , In the decoupling limit (m A ≫ m Z ) the parameters of the potential lead to the relation: We have performed a detailed parametric search for contour regions for the branching ratio of H ± → W ± h 0 , by using the program HDECAY [15] , our results are shown in Fig. 1 .
with an additional complex Higgs triplet
The supersymmetric model with two doublets and a complex triplet (OHT-MSSM) [12, 13] is one of the simplest extensions of the minimal supersymmetric standard model (MSSM) that allows to study phenomenological consequences of an explicit breaking of the custodial symmetry SU(2) [13] .
C.1 The Higgs sector of the model. The model includes two Higgs doublets and a (complex)
Higgs triplet given by
The Higgs triplet is described in terms of a 2 × 2 matrix representation; ξ 0 is the complex neutral field, and ξ given by:
where we have used the notation
The resulting scalar potential involving only the Higgs fields is thus written as
where V SB denotes the most general soft-supersymmetry breaking potential [12] . In turn, the full scalar potential can be split into its neutral and charged parts, i.e., V = V charged +V neutral .
Besides the supersymmetry-breaking mass terms, m 
which implies that the ρ-parameter is different from 1 at the tree level, namely,
The bound on R is obtained from the ρ parameter, which lies in the range 0.9993 -1.0006, from the global fit reported in Refs. [14, 16] . Thus, R ≤ 0.012 and v T ≤ 3 GeV . We have taken into account this bound in our numerical analysis. with m H
. We will denote the lightest charged scalar H Because of the large number of parameters appearing in our model, which include tan β, R, λ, µ D , µ T , A, B D , and B T , it is convenient to consider only a few simple cases. In each,
we will try to identify useful relations or trends for the behavior of the Higgs boson masses and couplings. In order to perform the numerical analysis leading to the allowed regions in the parameter space and the Higgs boson masses, we will make the following asumptions: a) tan β is an independent variable; b) R takes the representative value 0.01; c) λ takes the value 0.5; and d) the remaining parameters will cover the regions allowed by SUSY.
Specifically, we will consider charged Higgs bosons masses in the range 100 -300 GeV . Furthermore, we will restrict our numerical analysis to the following specific scenarios (which were introduced and discussed in Ref. [12] ):
-Scenario I: B D = µ D = 0, which represents the scenario when the spontaneous symmetry breaking (SSB) is dominated by the effects of the Higgs triplet, where we will consider the following cases:
-Scenario II: B T = µ T = 0. In this scenario the SSB is dominated by the effects of the Higgs doublets, where the following cases will be considered: For each point in the parameter space, within the above scenarios, we will determine the allowed regions by requiring the scalar squared mass eigenvalues to be positive and the Higgs potential lying in a global minimum. In these allowed regions, the masses of the physical Higgs bosons contained in the model are computed numerically. [12, 13] . To present a complete study of the branching ratios of the charged Higgs bosons, we also discuss the vertex H ± k W ∓ Z 0 , which could dominate in some specific scenarios.
C.3 The vertex H
By using the expression for the rotation matrices of the charged and neutral Higgs sectors, U and V , we can write the coefficient of the vertex
k and η a 0 k , respectively, as follows:
and
where H 
The V Re(φ
On the other hand, in this model the vertex H ± k W ∓ Z 0 is also induced at tree level due to violation of the custodial symmetry. The expression for the vertex
One can see than only the triplet components contribute to this vertex, while the dependence on v T gives a suppression effect.
C.4 Branching ratios for the principal two and three body decay modes of h
± . We now discuss the BR for the charged Higgs bosons, including the decay widths of the dominant modes of h ± , which turn out to be the following:
In order to discuss the BR for the charged Higgs bosons in the low mass region 100 GeV < m h ± < 200 GeV , it is necessary to include the dominant modes of the three-body decay of h ± , namely:
It has been shown that this decay is a potentially strong tree-level process in the THDM-I [17, 18] 
The decay widths for each of the above modes are given as [19] :
h ± , and λ 1/2 is the usual kinematic factor
2. The decay
This decay is proportional to the factor |η
This decay is proportional to the factor |η a 0 1 | 2 . In the MSSM the two-body decay of the charged Higgs boson into W ± A 0 is kinematically not allowed.
The decay h
5. The decay
6. The decay h
with
We have simplified the expression for this width by taking the following approximation for the W propagator:
, where P µ and k µ are the four momenta of the H ± and Z 0 bosons, respectively.
where
The coefficient G a 0 W ± has been defined in eqs. (17, 18) 9. The decay h + → t * b → W + bb:
Finally, we evaluate numerically the BR for these nine principal modes, using the expressions given in Eqs. (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . In our computations, we will take sin 2 θ W = 0.223, m W = 80.4
GeV , m b = 4.5 GeV , m t = 174. To end this section, we want to point out the following. It is clear that for the OHT-MSSM there are regions in the parameter space that correspond to either the dominant (BR ≈ 1) or moderate (10 −2 < ∼ BR < ∼ 10 −1 ) case. Therefore, the observation of the decays 
These modes are shown for the lightest charged
Higgs boson, for tan β = 15. 
